INTRODUCTION
Geochemical simulations of glass waste form degradation in an aqueous environment are being used to help satisfy Nuclear Regulatory Commission regulation 10 CFR 60 and Environmental Protection Agency 40 CFR 191, which place limits on elemental releases from proposed repositories over time periods of thousands of years and under a variety of conditions. Given appropriate kinetic data for rates of release and other rate-dependent phenomena, geochemical models can be used to predict repository performance over extended time periods and under a variety of scenarios which are otherwise unattainable in the laboratory. Geochemical models are processoriented; that is, they simulate and quantify the many interactions that occur in the fluid and between the fluid and waste package, and provide for interactions among competing processes. Geochemical simulations described in this report focus on the behavior of released radionuclides from poten tial glass waste forms in the candidate Yucca Mountain, Nevada repository. Objectives of this study were to: 1) predict elemental concentrations of radionuclides in solution resulting from glass dissolution; 2) identify con trols on solution composition; 3) identify potential precipitates that may limit radionuclide concentrations in solution; and 4) evaluate sufficiency of thermodynamic data base for modeling needs.
GEOCHEMICAL SIMULATION OF WASTE DFGRADATION IN AN AQUEOUS ENVIRONMENT USING THE EQ3/6 CODE PACKAGE
Reaction of West Valley and Defense Waste Product Facility (DWPF) glas ses with 3-13 groundwater at 90°C was simulated using version 3245 of the EQ3/6 geochemical modeling code package with version 3245R48 of the EQ3/6 thermodynamic data bases. The foundations of the EQ3/6 code are discussed by [11. Projected 10,000 year inventories of West Valley and DWPF SRL-165 frit glasses obtained from [2] and [3] , respectively, were used as the starting glass compositions (Table 1) . Elements which were listed in the above references but not contained in the EQ3/6 thermodynamic data base, "•uch as Zr, were not considered in the simulations. Glass was assumed to Table 1 . Projected 10,000 year inventories of West Valley and DWPF glasses [2, 3] .
WEST dissolve congruently in a closed system into a static, 1 kilogram mass of water that accumulated in the waste canister. J-13 water, whose composition is given in Table 2 , was considered to be representative of groundwater in the proposed Yucca Mountain repository [4] , The initial fugacity of oxygen in J-13 water was assumed to equal 0.2 bars to reflect equilibrium with the atmosphere 1n the unsaturated zone. Reaction between glass and J-13 water was calculated as a function of the mass of dissolved glass per kilogram of J-13 water. A total of 10 grams of each glass, which corresponds to release of 0.6 parts in 10 5 of the waste inventory, was assumed to dissolve congruently into a kilogram of J-13 water. An explicit kinetic model of glass degradation was not used pending testing of the adequacy of available models. The mass of dissolved glass per kilogram of water does not imply that the entire mass of elements re leased from glass dissolution exists as dissolved species. Many elements precipitate from solution as part of secondary phases. Materials interac tions and radiolysis were not considered in the simulations.
Over 550 solids were considered by the code as potential precipitates. No inhibitions to precipitation were assumed to exist, except for crystalline SiO? polymorphs, as discussed below. Modeling with EQ3/6 contrasts with modeling with PHREEQE [5] which requires the user to identify precipitating phases Prediction of system performance under physical and chemical condi tions which have not been matched in the laboratory or for time periods unattainable in the laboratory requires use of a code such as EQ3/6 which need noc rely on user input to specify precipitates. Constraints on preci pitates observed in the laboratory can be accounted for in EQ3/6 when neces sary, however. Quartz and all other silica polymorphs except for amorphous silica, for example, were not allowed to precipitate in the simulations de scribed in this paper to reflect observed inhibitions to precipitation of crystalline S1O2 polymorphs at 90°C [6] .
Solid solutions were modeled assuming ideal, molecular mixing among end member components. Clay mineral solid solutions were represented by dioctahedral and trioctahedral smectites [7] . Colloid formation and sequestering of radionuclides as trace components of solid solutions or as sorbed species were not considered.
Results of the modeling are being used to help guide expansion and re finement of the EQ3/6 thermodynamic database. Thermodynamic data for radionuclide-bearing phases and aqueous species have been obtained from many different sources and may be incomplete. Much of the data had to be extra polated to 90°C. Simulations described in this report should be viewed as a first step in using geochemlcal models to simulate repository behavior because simulation results are affected significantly by the accuracy and completeness of the thermodynamic database. At this stage in the simula tions, the absolute values of elemental concentrations and other parameters are not as important as identifying potential controls on solution composi tion. Critical interactions in the fluid and between the fluid and precipi tates must be identified and used to guide future research. Predicted precipitates represent the general mineral group and/or chemical composition of potential precipitates, rather than their exact identity. Kinetic inhi bitions to the precipitation of crystalline phases may result in the forma tion of metastable. amorphous precipitates and other phases rather than predicted crystalline precipitates. The simulations yield, nonetheless, a general guide to the chemistry of potential precipitates and reacted 0-13 water through time. Data base expansion and refinement, carried out in concert with experimental investigations and theoretical simulations, will allow improved predictions of repository performance over time.
REACTION OF WF.ST VALLEY GLASS WITH J-13 HATER AT 90°C

Solid Precipitates
The [11] , and 1f it is assumed that the secondary precipitates are distributed evenly over the top surface, every cm 2 of the glass surface would contain 7xl0-6 , 2x10-5 and 2x)0~4 cm 3 of secondary precipitates. Alternately, uniform layers with thicknesses of 0.07, 0.2 and 2 ym, respectively, would coat the glass surface. Radionuclide-bearing precipitates, which are dominated by petalite and B2O3, comprise only about 33 volume % of the total precipitates, however. Given the potentially small quantity of precipitates formed during reaction, and the fact that a radionuclide-bearing phase of interest tray comprise a small fraction of the total volume of precipitates, it may be difficult to detect some radionuclide-bearing phases formed during laboratory experiments.
REACTION OF DWPF GLASS WITH J-13 WATER AT 90°C
Solid Precipitates
The sequence and relative masses of predicted solid precipitates accompanying dissolution of DWPF SRL-165 frit glass are shown in Figure S Table 3 . No reference to the timing or sequence of occurrence of precipitate* is implied in Table 3 , nor are the experimental conditions necessarily identical to those in the simulations. Results f,om vapor phase alteration experiments [91 designed to accelerate reaction kinetics and mimir the effect of time are included in Table 3 . Significant deviations between experimental and simulation results involve the precipitation of zeolites and Ca-siiicates. The majority of zeolites and Ca-silicates 'iste'i as experimentally observed precipitates in Table 3 were not provided for in version 324r_R48 of the EQ3/6 thermodynamic data base us 'd in the calcula tions. Recent additions to the data base of a variety o' Co-silicates should enhance the ability of EQ3/6 to generate realisiic precipitates. In the Fe-bearing phases Fe-s1Hcates [8, 10, 15] ferrlhydrite [12] maghemite [14] magnetite [14] 
